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SHIPBUILDING  2006 

ABSTRACT:  Because  the  United  States  depends  on  the  maritime  domain  for  economic 
prosperity  and  national  security,  the  shipbuilding  industry  is  of  strategic  importance. 
Unfortunately,  this  industry  is  currently  in  crisis.  Although  the  industry  meets  both  commercial 
and  defense  requirements,  it  faces  affordability  and  workforce  challenges.  The  defense  sector, 
though  producing  the  most  advanced  ships  in  the  world,  does  so  at  exorbitant  prices,  limiting  the 
number  that  the  U.S.  Navy  can  afford.  Based  on  visits  to  twenty-four  U.S.  and  Australian 
shipyards,  the  U.S.  government  should  provide  targeted  support  to  the  commercial  sector  and 
consolidate  defense  construction  into  two  facilities. 
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PLACES  VISITED 
Domestic 

U.S.  Coast  Guard  Shipyard,  Curtis  Bay,  MD 

Aker  Philadelphia  Shipyard,  Philadelphia,  PA 

Carnival  Corporation  &  Carnival  Cruise  Lines,  Miami,  FL 

Eleetric  Boat,  Quonset  Point,  RI 

Portsmouth  Naval  Shipyard,  Portsmouth,  NH 

Bath  Iron  Works,  Bath,  ME 

Marinette  Marine-Manitowoe  Marine  Group,  Marinette,  WI 
Northrop  Grumman  Ship  Systems-Avondale  Operations,  Avondale,  EA 
Waterman  Steamship  Corporation,  New  Orleans,  EA 
Textron  Systems-Marine  &  Eand  Operations,  New  Orleans,  EA 
Bollinger  Shipyard,  Eockport,  EA 

VT  Halter  Marine -Pascagoula  Operations,  Pascagoula,  MS 
Northrop  Grumman  Ship  Systems-Ingalls  Operations,  Pascagoula,  MS 
Austal  USA,  Mobile,  AE 

Northrop  Grumman  Ship  Systems-Newport  News  Shipbuilding,  Newport  News,  VA 

SEAmagine  Hydrospace  Corporation,  Claremont,  CA 

National  Steel  and  Shipbuilding  Company  (NASSCO),  San  Diego,  CA 

International 

Xenix,  Henderson,  Western  Australia 

HMAS  Stirling  Naval  Base,  Garden  Island,  Australia 

ANZAC  Alliance,  Rockingham,  Australia 

Austal,  Henderson,  Western  Australia 

Nautronix,  Ereemantle,  Western  Australia 

AWD  Systems  Centre,  Adelaide,  Australia 

Australia  Submarine  Corporation,  Adelaide,  Australia 

Xenix  Shipyard,  Williamstown,  Australia 

INCAT,  Hobart,  Australia 

Eifesaving  Systems,  Hobart,  Australia 

U.S.  Embassy,  Canberra,  Australia 

DM0,  Canberra,  Australia 

Garden  Island  Dockyard,  Sydney,  Australia 

EEG  Upgrade  Project,  Sydney,  Australia 
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Introduction 

The  safety  and  economic  security  of  the  United  States  depend  upon  the  secure  use  of  the  world ’s  oceans. 

-The  National  Strategy  for  Maritime  Security 

The  United  States  is  a  maritime  nation,  with  95,000  miles  of  eoastline,  a  3.4  million  square 
mile  exclusive  economic  zone,  and  over  350  offieial  ports  of  entry  (USCG  Maritime  Strategy  for 
Homeland  Seeurity,  2002,  p.  7).  In  addition,  95%  of  U.S.  trade  travels  by  sea.  Thus,  the  eeonomy 
and  the  seeurity  of  the  nation  depend  on  the  maritime  domain.  Furthermore,  as  a  global  leader, 
the  U.S.  must  be  able  to  deploy  forces  globally  to  aehieve  national  objectives.  Therefore,  the 
U.S.  needs  commereial  and  military  ships,  and  shipbuilding  is  a  vital,  strategic  industry. 

Despite  its  importance,  the  U.S.  shipbuilding  industry  is  a  mere  shadow  of  its  former  state, 
and  some  experts  believe  that  the  industry  is  in  erisis.  Southeast  Asia  now  completes  the  majority 
of  new  commercial  ship  construction;  as  a  result,  the  U.S.  shipbuilding  industry  has  signifieantly 
consolidated.  Only  a  few  yards  engage  in  commercial  production,  and  six  yards  owned  by  two 
companies  (Northrop  Grumman  and  General  Dynamics)  complete  most  large  naval  shipbuilding. 
Although  U.S.  naval  shipbuilding  yards  eurrently  meet  national  security  needs,  the  prices  of 
naval  vessels  are  high  and  inereasing  to  the  point  that  the  U.S.  Navy  may  not  be  able  to  afford 
the  systems  needed  to  meet  mission  requirements.  In  addition,  there  are  concerns  about  the 
industry  skilled  labor  and  engineering  workforee. 

This  shipbuilding  industry  study  assesses  the  health  of  the  industry  and  its  ability  to  meet 
national  seeurity  requirements.  It  defines  the  industry,  reviews  the  current  industry  conditions, 
examines  ehallenges  faeing  it,  explores  its  outlook  and  capability  to  meet  future  eommercial  and 
national  seeurity  requirements,  reviews  possible  government  poliey  options,  has  two  essays  on 
relevant  topics,  and  concludes  with  a  recommendation  to  address  the  noted  ehallenges. 

To  support  this  researeh,  in  addition  to  reviewing  literature,  members  of  the  shipbuilding 
industry  study  visited  fifteen  U.S.  and  nine  Australian  shipyards,  two  commereial  customers,  and 
a  systems  supplier,  attended  a  Navy  League  symposium,  and  received  briefs  from  an  industry 
trade  representative  and  U.S.  and  Australian  government  officials.  During  visits,  members  met 
with  corporate  executives  and  managers,  yard  supervisors,  government  representatives,  and 
union  leaders.  The  members  also  met  with  representatives  of  the  Royal  Australian  Navy  and  U.S. 
Navy  -  the  primary  eustomers  of  the  Australian  and  large  U.S.  shipyards,  respectively. 

Shipbuilding  Industry  Defined 

The  shipbuilding  industry  includes  firms  that  operate  shipyards,  or  fixed  faeilities  with  dry 
docks  and  fabrication  equipment  capable  of  building  ships.  These  establishments  manufacture 
and  repair  cargo,  container,  passenger,  sailing,  and  naval  ships,  ferry,  fishing,  and  patrol  boats, 
and  barges.  The  two  main  segments  are  commercial  and  defense.  Industry  revenues  are  70% 
from  defense  ship  eonstruction,  10%  from  defense  repair,  and  20%  from  eommereial 
eonstruction/repair  (IbisWorld,  2006,  pp.  3,  10).  During  visits,  the  team  noted  that  most  U.S. 
yards  produee  either  commercial  or  defense  vessels,  but  a  few  still  work  in  both  segments. 

A  “five  forces”  analysis  adds  insight  into  the  U.S.  shipbuilding  industry  (Porter,  1980): 

1 .  Industry  rivalry  is  high  due  to  (a)  slow  market  growth  (the  industry  is  in  the  declining  lifecycle 
phase  after  deeades  of  deelining  demand),  (b)  large  exit  barriers  (due  to  expensive,  speeialized 
assets),  (e)  high  eoneentration  (espeeially  in  the  U.S.  defense  sector  in  which  two  corporations 
now  account  for  nearly  all  revenue  following  a  period  of  consolidation),  and  (d)  overcapacity 
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(exacerbated  by  politics  and  procurement  preferences).  The  U.S.  government  (USG)  uses  anti¬ 
trust  regulations  to  influence  competition  and  concentration  and  prevented  General  Dynamics 
from  purchasing  Newport  News  Shipyard,  but  allowed  Northrop  Grumman  to  do  so. 

2.  Buyer  power  is  strong,  especially  in  the  defense  segment.  One  buyer,  the  U.S.  Navy  (USN), 
accounts  for  nearly  all  sales  and  controls  the  demand  curve,  so  there  is  nearly  a  bilateral 
monopoly  (or  monopsony).  Ships  also  represent  a  significant  portion  of  this  buyer’s  budget.  As  a 
sign  of  buyer  power  and  increasing  buyer  price  elasticity  of  demand.  Congress  demanded  a 
ceiling  on  the  USN  littoral  combat  ship  price.  Price  elasticity  is  also  high  in  the  tourism  and 
luxury  yacht  markets.  This  affects  demand  and  makes  it  difficult  to  earn  economic  profits. 

3.  Supplier  power  is  also  strong  because  of  low  ship  production  volumes  in  both  the  commercial 
and  defense  segments.  USN  procurement  instability  and  unpredictability  make  it  difficult  for 
defense  firms  to  buy  large  volumes  in  order  to  increase  power  over  suppliers  and  reduce  costs. 

4.  Threat  of  substitutes  has  mixed  effects  on  firms  in  the  industry.  The  industry  faces  competition 
from  alternate  forms  of  transportation,  such  as  rail  and  truck,  and  the  tourism  segment  faces 
competition  from  other  leisure  activities.  In  addition,  U.S.  defense  shipbuilders  face 
contestability  from  foreign  firms  establishing  U.S.  subsidiaries,  like  Austal  USA.  However,  once 
a  firm  supplies  vessels  to  the  USN,  there  are  large  switching  costs  due  to  investments  in  training, 
shore-side  infrastructure,  and  spare  parts,  and  this  decreases  the  threat  of  substitutes. 

5.  Barriers  to  entry  are  extensive  and  include  significant  fixed  costs  for  specialized  assets, 
overcapacity,  and  significant  cost  advantages  achieved  through  learning  by  doing.  “Patents  and 
proprietary  knowledge  serve  to  restrict  entry”  (QuickMBA),  and  existing  firms  possess  these. 
Furthermore,  in  the  defense  sector,  existing  firms  have  long-established  relations  with  the  only 
customer,  the  U.S.  Navy.  “Stringent  safety  and  regulations  are  entry  barriers  that  have  increased 
the  costs  of  production”  (IbisWorld,  2006,  p.  9).  Thus,  although  regulations  decrease  negative 
externalities,  such  as  pollution,  compliance  increases  costs,  shifts  the  industry  supply  curve 
inward,  and  increases  prices.  U.  S.  domestic  market  protection  through  the  Jones  Act  creates  a 
further  barrier  to  entry  and  decreases  competition.  This  act  requires  that  ships  transporting  goods 
between  any  two  U.S.  ports  be  U.S.  built  and  crewed.  This  also  shifts  the  supply  curve  inward 
and  increases  prices.  There  are  also  factors  that  may  reduce  entry  barriers.  The  National 
Shipbuilding  and  Shipyard  Conversion  Act  (1993)  established  financing  for  ship  construction 
and  yard  modernization  (IbisWorld,  2006,  p.  14),  and  the  Title  XI  loan  guarantee  program 
provides  credit  guarantees  to  enable  vessel  and  yard  owners  to  obtain  financing  at  lower  rates. 
These  interventions  reduce  costs,  encourage  investment,  and  shift  the  supply  curve  outward. 

In  summary,  rivalry  among  existing  firms,  strong  buyer  and  supplier  power,  high  exit  barriers, 
and  overcapacity  make  it  challenging  for  firms  in  the  industry  to  earn  economic  profits. 

Current  Condition 

This  section  briefly  reviews  the  condition  of  the  international  shipbuilding  industry  and  then 
the  U.S.  industry  commercial  sector,  defense  sector,  productivity,  and  financial  information. 
International 

Global  commercial  shipbuilding  production  increased  from  a  low  in  the  1980s  to  a  peak  in 
2002  and  2003.  However,  new  ship  prices  declined  during  the  past  five  years  due  to 
overcapacity,  improved  productivity,  and  lower  demand  (the  price  of  building  a  ship  in  2002  was 
19%  lower  than  in  1997)  (Rand,  2005,  p.  67).  “The  leading  commercial  shipbuilding  nations  [in 
terms  of  gross  tons  in  2001  were]  South  Korea  (43  %  of  the  market),  Japan  (26  %),  China  (7  %), 
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and  Germany,  Italy  and  Poland  (each  with  3  %)”  (U.S.  Department  of  Commerce,  2001,  p.  9). 
Japan  and  South  Korea  dominate  the  global  market  for  low  and  moderate  complexity  cargo  and 
tanker  ships,  and  the  Europeans  dominate  the  market  for  more  complex  ships,  such  as  cruise 
liners  and  liquefied  natural  gas  carriers.  The  migration  of  the  shipbuilding  industry  overseas  is 
largely  due  to  supportive  national  industrial  policies  (subsidies)  in  other  countries.  The 
governments  of  Japan,  Korea,  and  Germany  consider  a  robust  shipbuilding  industry  to  be 
integral  to  their  economies.  China,  by  heavily  investing  in  its  shipbuilding  industry,  increased  its 
share  of  the  world  market  from  essentially  0%  to  achieve  18%  today.  Industry  experts  expect 
China  to  have  25%  by  2010  (American  Shipbuilding  Association,  2006). 

United  States 

The  U.S.  shipbuilding  industry  consists  mainly  of  private  firms  competing  in  the  free  market, 
but  also  receiving  government  support/subsidies.  This  support  consists  of  low-rate  financing  for 
customers,  government  reimbursement  for  cost-saving  capital  improvements,  use  of  government 
real  estate,  and  local  and  state  grants  and  loans  for  training  programs  and  infrastructure. 

Commercial  sector.  The  U.S.  commercial  shipbuilding  industry  was  once  competitive  in  the 
world  market.  Today,  however,  there  are  only  three  first-tier  yards  performing  major  commercial 
construction.  This  sector  is  no  longer  internationally  competitive  and  does  not  export  any 
vessels.  Furthermore,  it  depends  on  domestic  market  protection  through  the  Jones  Act  for 
survival.  It  also  benefits  from  Title  XI  low-rate  financing. 

Defense  sector.  Defense  shipbuilding  production  has  been  in  decline  since  the  high  levels 
during  the  Reagan  era,  when  the  U.S.  Navy  expanded  to  a  600-ship  fleet.  Following  the  fall  of 
the  former  Soviet  Union,  the  U.S.  reduced  defense  budgets,  decreasing  the  number  of  ships  the 
Navy  could  procure.  The  Navy’s  annual  budget  went  from  about  $140  billion  in  FY84  to  under 
$100  billion  in  the  mid  1990’s,  at  which  point  it  started  a  slow  increase  to  a  level  of  about  $114 
billion.  As  a  result,  in  the  early  1990’s,  the  Navy  fleet  fell  to  400  ships,  and  the  1997 
Quadrennial  Defense  Review  (QDR)  called  for  only  304  ships.  At  280  ships  today,  the  U.S. 

Navy  has  the  smallest  number  of  ships  since  World  War  II  (O’Rourke,  2006a).  Because  of  the 
budget  and  fleet  reductions,  the  U.S.  defense  sector  has  consolidated  and  reduced  the  number  of 
yards  since  the  mid  1990s.  Today,  six  yards  owned  by  two  companies  are  the  primary  suppliers 
of  vessels  to  the  U.S.  Navy  and  Coast  Guard. 

Productivity.  First  Marine  International  (FMI)  conducted  the  most  recent  commercial 
benchmarking  study,  published  in  August  2005  (FMI,  2005).  It  benchmarks  six  major  U.S. 
shipyards  against  seven  large  international  shipyards.  As  shown  in  Table  1,  U.S.  shipyards 
improved  their  overall  score  by  0.5  between  the  1999/2000  and  2004  studies  and  closed  the  gap 
with  international  yards  to  only  0.2  in  2004.  According  to  the  study,  the  0.1  annual  improvement 
by  U.S.  yards  compares  favorably  with  the  improvement  by  the  international  shipbuilders.  From 
this  study,  it  appears  that  U.S.  shipyards  invested  in  capital  improvements  (plant  and  equipment) 
and  adopted  processes  that  closed  the  productivity  gap  with  international  shipbuilders.  During 
visits  to  the  U.S.  shipyards,  we  found  that  all  of  them  have  invested  in  capital  improvements  and 
have  plans  to  continue  doing  so.  Furthermore,  the  big  six  yards  owned  by  parent  corporations 
receive  corporate  financing  for  capital  investments.  We  also  noted  that  many  of  the  yards  are 
actively  working  to  improve  processes  and  have  instituted  Fean  Six  Sigma  programs.  Despite 
these  gains,  a  company  representative  familiar  with  the  techniques  employed  by  U.S.  and 
European  shipyards  advised  us  that  the  U.S.  shipbuilding  industry  is  currently  about  fifteen  years 
behind  in  implementing  changes  that  would  enhance  productivity. 

Financial  Information.  According  to  an  industry  report,  FY2005  industry  revenues  were 
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approximately  $13.9  billion,  and  net  profit  margins  for  individual  firms  ranged  from  1.1%  to 
6.7%  (IbisWorld,  2006,  pp.  5,  25-31).  Personnel  at  the  visited  Northrop  Grumman  and  General 
Dynamics  yards  would  not  provide  financial  information  for  their  shipyards,  and  company 
reports  do  not  provide  separate  financial  information  for  the  marine  units.  However,  managers 
advised  us  that  the  shipbuilding  units  of  these  organizations  earned  the  lowest  profit  margins 
(one  reported  only  2  to  3  %)  of  any  unit  in  their  companies  in  2005.  Furthermore,  these  units  are 
not  meeting  corporate  profit  expectations. 


Table  1 .  U.^*.  and  International  Industry  Best  Practice  Rating  by  Group  and  Overall  (FMI,  2005). 


Group 

U.S.  yards  avg 
rating  1999/2000 

U.S.  yards  avg 
rating  2004 

International  yards 
avg  rating  2004 

Steelwork  production 

2.9 

3.3 

3.7 

Outfit  manufacturing  and  storage 

3.3 

3.6 

3.6 

Pre-erection  activities 

3.1 

3.4 

3.8 

Ship  construction  and  outfitting 

3.0 

3.5 

3.7 

Yard  layout  and  environment 

2.6 

3.2 

3.4 

Design,  engineering  and  production  engineering 

3.4 

3.6 

3.8 

Organization  and  operating  systems 

3.5 

3.9 

4.0 

Overall  industry  rating 

3.1 

3.6 

3.8 

Challenges 


There  are  many  challenges  facing  the  U.S.  shipbuilding  industry;  two  of  the  major  ones  are 
affordability  and  workforce  issues. 

Affordability 

Although  the  U.S.  shipbuilding  industry  designs  and  builds  high  quality  commercial  and 
sophisticated  military  vessels,  the  industry  cannot  compete  internationally  due  to  higher  costs 
and  prices.  On  the  commercial  side,  based  on  information  provided  during  visits,  vessels 
produced  in  the  U.S.  are  three  times  the  price  of  comparable  vessels  produced  in  South  Korea. 
Thus,  only  the  Jones  Act  prevents  the  outsourcing  of  all  U.S.  commercial  construction.  Personnel 
at  the  U.S.  yards  visited  that  engage  in  commercial  construction  stated  that  they  would  lose  all 
commercial  work  without  the  Jones  Act.  As  learned  during  overseas  visits,  Australia  once  had  a 
healthy  commercial  shipbuilding  industry,  but  now  does  no  commercial  shipbuilding  (even  less 
than  the  U.S.)  because  it  does  not  have  market  protection  similar  to  the  Jones  Act.  The  cost  of 
military  ships  in  the  U.S.  is  also  high  and  is  rising  to  a  level  that  even  the  Department  of  Defense 
(DoD)  may  be  unable  to  support.  High  price  creates  a  cycle  in  which  the  USN  orders  fewer 
ships,  spreading  high  overhead  and  fixed  costs  over  fewer  units  and  further  increasing  prices. 

Although  the  lack  of  competitiveness  is  partly  due  to  the  policies  of  other  countries  (which 
U.S.  firms  do  not  control),  it  is  also  due  to  excess  capacity,  inefficiency,  U.S.  Navy  funding  and 
requirements  instability,  technology  insertion  into  military  vessels,  and  political  interventions. 

Excess  Capacity.  Annual  shipyard  production  capacities  for  first-tier  yards  remain 
considerably  higher  than  current  Navy  ship  procurement  planning  (even  the  most  optimistic) 
anticipates.  For  example,  if  Congress  authorizes  construction  of  CVN-21  (to  replace  the  USS 
Enterprise),  Newport  News  Shipyard  would  still  have  residual  capacity  to  construct  up  to  four 
SSN  submarines  (SSN  construction  is  now  only  one  per  year).  In  fact,  this  one  yard  has 
sufficient  capacity  to  handle  all  current  naval  construction.  Ingalls  can  construct  up  to  eight 
DDXs  (destroyers)  simultaneously,  while  retaining  enough  residual  capacity  to  build  a  major 
amphibious  ship.  However,  DDX  construction  levels  will  likely  remain  at  one  or  two  per  year 
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through  FY  2011,  leaving  considerable  capacity  (O’Rourke,  2006b,  p.  36).  On  the  commercial 
side,  one  representative  said  that  his  yard’s  goal  is  to  produce  three  vessels  per  year,  but  it  is  only 
producing  1.5  per  year  now.  This  excess  capacity  was  obvious  in  nearly  every  U.S.  yard  visited, 
with  expensive  capital  equipment  and  infrastructure  sitting  idle  in  most  yards. 

Inefficiency.  One  of  the  most  significant  sources  of  efficiency  is  learning  curve  efficiency,  or 
learning  by  doing.  In  fact,  yard  supervisors  advised  us  that  throughput  directly  affects  efficiency. 
As  an  example,  DDG  96  took  one  million  fewer  labor  hours  (approximately  ten  percent  of  the 
total  labor  hours)  to  produce  than  DDG  92.  This  is  important  because  labor  accounts  for  41%  of 
ship  production  costs.  Based  on  comments  made  during  visits,  foreign  yards  have  a  significant 
advantage  in  this  area.  A  South  Korean  yard  produces  fifty  to  sixty  commercial  vessels  a  year.  A 
U.S.  commercial  yard  produces  only  one  or  two,  which  is  not  sufficient  for  workers  to  reach 
efficiency,  let  alone  reduce  costs  through  experience.  One  yard  brought  people  from  Europe  to 
the  U.S.  and  compared  the  performance  of  welders  from  the  two  locations.  Due  to  less 
experience,  the  U.S.  welders  took  about  three  times  as  long  to  complete  the  same  work. 

On  the  military  side,  each  yard  now  produces  at  most  a  few  vessels  each  year.  The  team 
visited  a  yard  that  produced  a  destroyer  every  17  days  during  World  War  11  and  twelve  vessels 
per  year  in  the  1980s.  Today,  it  produces  only  one  vessel  every  eight  months.  Despite  capacity 
under  utilization,  more  than  one  yard  often  produces  vessels  of  the  same  class.  Thus,  each  yard 
produces  fewer  vessels  and  does  not  obtain  potential  learning  curve  efficiencies,  increasing  costs. 
As  an  example,  an  estimate  for  the  premium  to  produce  Virginia  class  submarines  in  two  yards 
rather  than  one  is  $200  million  per  vessel. 

In  addition  to  insufficient  learning  curve  efficiency,  we  observed  other  sources  of 
inefficiency.  During  visits,  personnel  at  several  yards  mentioned  real  estate  constraints,  which 
preclude  laying  out  production  lines  in  the  optimal  manner.  Executives  at  most  U.S.  yards  visited 
stated  that  they  have  invested  in  capital  improvements  to  improve  efficiency,  and  personnel  at 
the  big  six  yards  said  that  it  is  now  easier  under  Northrop  Grumman  or  General  Dynamics 
ownership  to  obtain  the  capital  required  for  large-scale  improvements.  Despite  this,  we  observed 
significant  differences  in  the  levels  of  automation  at  U.S.  yards.  Moreover,  according  to 
personnel  in  Australia,  U.S.  domestic  market  protection  decreases  U.S.  competitiveness  and 
innovation,  makes  firms  complacent,  and  discourages  efficiency  improvements  to  decrease  costs. 

Navy  procurement  instability  and  changing  requirements.  According  to  the  National 
Shipbuilding  Research  Program  Executive  Control  Board,  “[a]  business  relationship 
characterized  by  stability  and  predictability  is  essential  to  future  affordability  and  to  preserve 
specific  critical  skills  in  an  industry  struggling  to  maintain  skilled  employees  and  capabilities, 
given  the  gaps  in  contract  awards  and  low  order  quantities”  (Zimmerman  &  Bissell,  2005,  p.  xi). 
During  visits  to  U.S.  yards,  manufacturers  consistently  emphasized  that  stable,  predictable  orders 
are  essential  to  controlling  costs  and  retaining  a  skilled  workforce.  They  gave  examples  of  the 
government  providing  expectations  and/or  contracts  with  desired  production  numbers,  only  to 
have  the  numbers  changed  multiple  times.  This  causes  funding  unpredictability,  makes  it 
difficult  to  plan,  discourages  investment  in  new  equipment,  and  increases  costs.  While  in 
Australia,  the  team  visited  the  ANZAC  program,  a  two-decade  long  acquisition  project  that 
produced  ten  naval  vessels.  Government  personnel  and  contractors  stated  that  it  was  the  most 
successful  ship  procurement  in  Australia’s  history  and  was  on  schedule  and  budget.  Both  parties 
largely  attributed  this  to  adhering  to  the  originally  defined  plan  (the  required  number  of  vessels 
and  technology  for  each  did  not  change  throughout  the  program).  Because  the  contractor  trusted 
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the  government  to  stiek  to  the  plan,  the  company  established  contracts  for  all  required  steel  and 
other  items  for  ten  vessels  at  the  start  of  the  contract,  saving  vast  sums  of  money. 

Members  of  the  shipbuilding  industry  told  us  that  in  addition  to  changes  in  ship  production 
numbers,  the  U.S.  Navy  also  submits  numerous  change  orders  for  vessels  following  “final” 
design  approval.  This  significantly  increases  costs.  Personnel  at  yards  that  perform  both  defense 
and  commercial  work  compared  the  two  customers  and  their  acquisition  processes.  Commercial 
customers  strictly  limit  changes  and  make  decisions  quickly,  enabling  U.S.  shipbuilders  to 
deliver  vessels  on  budget  and  on  schedule.  The  U.S.  Navy  has  more  people  involved  in  the 
acquisition  decision  process,  a  complex  requirements  process,  and  multiple  constituents.  Thus, 
the  government  submits  numerous  (tens  of  thousands  for  larger  vessels)  change  orders  during  the 
construction  of  each  vessel  and  takes  longer  to  make  decisions.  One  industry  member  told  us  that 
every  Navy  ship  is  like  a  lead  vessel  (the  first  produced  in  a  class)  because  of  the  quantity  of 
changes  desired  during  production.  This  significantly  adds  to  the  cost  of  production. 

Technology  insertion.  Based  on  comments  from  U.S.  Navy  and  industry  personnel,  the  U.S. 
defense  shipbuilding  sector  produces  high  quality,  technologically  advanced  ships.  However,  in 
order  to  remain  at  the  forefront  of  advanced  technology  utilization,  the  Navy  often  requests 
technology  insertion  that  is  not  mature.  This  adds  to  costs,  and  as  a  result,  technology  and 
systems  now  account  for  over  one-third  of  the  cost  of  a  naval  vessel.  Some  shipbuilders  advised 
us  that  the  Navy  should  carefully  consider  the  technology  requirements  because  the  Navy  may  be 
more  effective  by  procuring  more  vessels  (at  lower  cost  each)  that  are  not  quite  as  advanced. 

Political  interventions.  Political  factors  strongly  influence  the  shipbuilding  industry.  Because 
Navy  procurement  contracts  have  significant  employment  and  economic  impacts  on  local  areas, 
elected  officials  strive  to  ensure  that  naval  ship  construction  and  repair  occur  in  their  districts. 
This  can  lead  to  political  infighting,  procurement  preferences,  and  production  in  multiple 
shipyards  when  it  would  be  more  efficient  and  cost  effective  to  produce  in  one.  Virginia  class 
submarines  are  constructed  in  two  yards,  with  modules  transported  by  barge  between  them. 
Worlrforce  Issues 

A  U.S.  Commerce  Department  study  (2001)  states,  “This  skill  base  of  the  U.S.  shipbuilding 
industry  is  eroding,  notably  for  welders,  pipe  fitters,  and  ship  fitters.  Shipyards  also  cited 
shortages  of  machinists,  electricians  and  marine  engineers”  (p.  5).  We  found  this  to  be  true 
during  visits,  and  managers  at  U.S.  yards  expressed  concerns  relating  the  workforce.  The  most 
common  shortages  were  pipe  fitters,  welders,  and  electricians  (plus  nuclear  welders  at  yards 
requiring  this  skill).  One  yard  is  approximately  280  personnel  short  each  day.  Despite  this, 
except  for  yards  impacted  by  hurricanes  in  the  Gulf  region,  none  of  the  firms  had  to  decline 
business  due  to  labor  shortages.  Yards  in  the  Gulf  have  severe  labor  shortages  due  to  personnel 
displacement  and  because  workers  in  the  area  can  now  earn  higher  wages  in  construction. 

For  most  firms,  shortages  exist  because  U.S.  firms  find  it  difficult  to  recruit  young  people  to 
work  in  shipyards,  and  it  takes  four  to  six  years  and  over  $50,000  each  to  train  laborers  to  a 
minimal  level.  Furthermore,  it  is  difficult  to  retain  qualified,  skilled  laborers.  Managers  expect 
the  situation  to  deteriorate  because  the  workforce  at  most  yards  is  aging  (average  ages  ranged 
from  42  to  49  at  those  visited).  To  meet  demands,  one  firm  hired  500  Mexican  workers.  We  also 
observed  that  many  firms  in  the  U.S.  have  established  apprentice  programs  to  train  future 
employees,  and  state  and  local  governments  often  support  these.  Australian  yards  are  facing  the 
same  challenge  and  are  addressing  it  with  training  programs  and  by  hiring  foreign  workers. 
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Outlook 

This  section  looks  at  the  outlook  for  the  commercial  and  defense  sectors,  including  projected 
demand  and  the  industry’s  capability  to  meet  commercial  and  national  security  requirements. 
Commercial 

Short  term  (1-5  years).  During  visits  to  U.S.  shipyards  that  engage  in  commercial 
construction,  managers  advised  us  that  the  yards  currently  are  producing  at  levels  well  below 
capacity.  Managers  at  these  facilities  also  stated  that  they  have  not  yet  received  orders  sufficient 
to  increase  capacity  utilization  within  the  next  five  years.  Thus,  they  do  not  intend  to  make  new 
capital  investments  in  the  short-term  due  to  a  lack  of  demand  to  justify  doing  so. 

Long  term  (5-20 years).  Although  foreseeable  developments  over  the  next  two  decades  are 
unlikely  to  generate  enough  increase  in  new  production  to  take  up  the  existing  slack  in 
production  capacity,  two  factors  may  increase  future  demand  for  U.S.  built  commercial  vessels. 
First,  the  Oil  Pollution  Act  of  1990  (OPA-90)  requires  all  tankers  entering  U.S.  ports  to  be 
double -hulled  by  2015.  As  shown  in  Figure  1,  the  U.S.  commercial  shipbuilding  industry  will 
need  to  recapitalize  Jones  Act  trade  ships  since  U.S.  firms  built  few  ships  after  the  elimination  of 
federal  subsidies  in  the  mid  1980s.  Estimates  show  that  commercial  shippers  will  need  to  replace 
36  crude  carriers,  67  product  tankers,  and  numerous  articulated  barges.  The  U.S.  commercial 
shipbuilding  firms  will  need  to  ramp  up  and  recapitalize  (e.g.,  pipe  and  fabrication  shops)  to 
meet  the  increased  demand.  Second,  the  Department  of  Transportation  predicts  maritime  traffic 
on  U.S.  waterways  will  double  in  the  next  twenty  years  (U.S.  DOT,  2001,  p.  4-22). 

During  visits  to  U.S.  yards,  we  discussed  their  need  to  ramp  up  to  recapitalize  the  Jones  Act 
fleet.  We  found  that  there  is  a  standoff  between  yards  and  customers.  Shipyard  executives  are 
unwilling  to  make  the  necessary  expenditures  in  required  capital  without  orders  to  justify  the 
expenses.  Customers,  however,  are  waiting  to  place  orders  for  needed  vessels.  One  shipbuilder 
expressed  concern  that  customers  may  wait  until  U.S.  firms  are  unable  to  meet  the  increased 
demand  on  time  to  comply  with  OPA-90,  and  then  they  will  request  a  Jones  Act  waiver. 


I  I  Number  of  Ships  —Gross  Tons 


6 

5 

4 

3 

2 

1 

0 


(A 

C 

o 

i 

(A 

C 

o 

I- 

(A 

(A 

O 

o 


Figure  1.  U.S.  commercial  shipbuilding  orders  (over  1,000  gross  tons)  (U.S.  DOT,  2001) 
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Defense/  National  Security 

The  outlook  for  the  defense  seetor  depends  almost  entirely  on  U.S.  Navy  plans.  In  order  to 
meet  eurrent  and  emerging  demands,  the  Chief  of  Naval  Operations  reeently  published  a 
shipbuilding  plan  to  inerease  the  fleet  to  313  ships  (Mullen,  2006).  Speeifies  of  the  plan  inelude 
eleven  aireraft  earriers,  88  eruisers  and  destroyers,  55  littoral  eombat  ships,  31  amphibious  ships, 
a  Maritime  Prepositioning  Foree  (Future),  and  48  attaek  submarines.  The  USN  also  may  inerease 
attaek  submarine  produetion  to  two  per  year  to  reduee  the  average  eost  per  hull  (O’Rourke, 
2006e,  p.  2).  See  Essay  2  on  Virginia  elass  affordability. 

Although  U.S.  defense  shipbuilders  produee  the  most  eapable  vessels  in  the  world  and  meet 
performanee  expeetations,  they  generally  do  not  meet  eost  and  sometimes  do  not  meet  sehedule 
expeetations.  In  addition,  beeause  the  firms  are  profit-driven,  exeeutives  only  invest  in  eapital 
improvements  if  there  is  suffieient  finaneial  ineentive  and  eannot  be  eounted  on  to  retain  the 
workforee  as  an  important  national  asset  unless  the  workload  justifies  doing  so.  Despite  these 
issues  and  the  noted  ehallenges,  representatives  at  U.S.  yards  and  an  industry  assoeiation  stated 
that  U.S.  firms  eould  meet  the  inereased  demand  assoeiated  with  the  Navy’s  313-ship  plan. 
Undoubtedly,  the  industry  supports  this  initiative  and  weleomes  the  possibility  of  a  stable  plan. 

Based  on  visits,  there  is  eertainly  suffieient  plant  and  equipment  eapaeity  to  support  the 
Navy’s  expeeted  inerease  in  demand,  even  if  some  of  it  is  aging  and  ineffieient.  One  impediment 
to  meeting  inereased  demand  or  surge  potential,  though,  is  skilled  labor  shortages.  Firms  are 
aware  of  this  and  many  have  apprentiee  and  training  programs  to  reeruit  and  train  the  neeessary 
workforee.  Many  also  have  partnerships  with  edueational  institutions  and  reeeive  loeal  and/or 
state  government  finaneing  to  support  these  efforts.  Although  yards  are  making  efforts  to 
improve  effieieney  and  reduee  eosts,  most  are  not  aggressively  doing  so.  They  have  beeome 
eomfortable  depending  on  the  Jones  Aet  to  support  higher  priees  or  on  DOD’s  willingness  to  pay 
for  eost  overruns.  Therefore,  most  firms  in  the  industry  do  not  have  a  good  strategy  to  beeome 
eompetitive  in  the  global  market.  In  the  defense  seetor,  the  strategy  is  to  blame  foreign 
eompetition  and  the  U.S.  government  for  their  problems  and  then  lobby  Congress  to  eontinue  to 
keep  all  existing  yards  alive.  Congress  obliges  by  mandating  requirements  that  add  to  eosts. 

Government:  Goals  and  Role 

To  the  extent  the  eommereial  seetor  supports  the  defense  seetor  and  adds  value  to  the 
eeonomy,  the  government  should  support  it.  Naval  vessels  are  vital  to  national  defense,  whieh  is 
a  publie  good,  so  the  U.S.  government  has  a  responsibility  to  provide  them.  Doing  so  in 
suffieient  quantity  to  meet  expanding  missions  requires  that  vessels  be  affordable.  Based  on 
visits  and  diseussions  with  experts,  there  are  at  least  five  overarehing  government  poliey  options 
for  the  industry:  nationalization,  a  government  owned/eontraetor  operated  arrangement, 
enhaneed  government  support/subsidies,  laissez-faire,  and  eonsolidation.  This  seetion  evaluates 
eaeh  based  on  ability  to  provide  improvement  in  five  areas:  eost,  sehedule,  performanee,  eapital 
equipment,  and  development/retention  of  a  skilled  workforee. 

Nationalization 

One  option  (applieable  to  the  defense  seetor)  is  nationalization.  The  government  would  own 
the  faetors  of  produetion  and  operate  yards  building  naval  vessels.  This  would  help  ensure 
maintenanee  of  the  desired  eapaeity.  However,  beeause  this  option  runs  eounter  to  U.S.  values,  it 
would  faee  signifieant  ehallenges,  sueh  as  politieal  opposition  and  initial  eosts  to  proeure  desired 
faeilities.  Moreover,  government-run  entities  have  a  history  of  performing  worse  than  private 
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ones.  Australia  has  a  government-owned  yard.  During  a  visit,  we  learned  that  the  government  is 
attempting  to  privatize  it,  and  personnel  stated  that  it  is  not  as  efficient  as  private  yards. 

However,  since  experts  believe  the  U.S.  industry  is  in  crisis,  officials  should  consider  all  options. 

Public  yards  would  not  have  to  earn  a  profit,  thus  reducing  this  portion  of  cost.  The  effect  on 
total  costs  would  depend  on  whether  public  yards  could  achieve  sufficient  levels  of  efficiency. 
Efficiency  would  also  be  an  important  determinant  of  ability  to  meet  schedule  requirements. 
However,  depending  on  cost  pressures,  public  yards  may  be  more  flexible  in  hiring  larger 
numbers  of  workers  to  meet  requirements.  Based  on  visits  to  two  public  yards,  they  could  meet 
performance  requirements.  Depending  on  the  national  fiscal  situation,  public  yards  may  be  more 
willing  to  invest  in  major  capital  improvements  and  could  depend  on  the  U.S.  government  for 
desired  funds.  Nationalized  yards  could  also  ensure  retention  of  a  skilled  workforce. 

Government  Owned/Contractor  Operated 

In  a  Government-Owned  Contractor-Operated  (GOCO)  situation,  the  government  owns  the 
shipyards  and  equipment,  and  private  firms  operate  them,  as  in  China.  In  the  U.S.,  Aker  leases 
Philadelphia  Naval  Shipyard  real  estate  from  the  government  for  only  $1  per  year. 

Although  this  option  would  reduce  the  costs  of  private  firms  and  should  thus  reduce  prices, 
used  alone,  it  probably  would  not  reduce  total  costs  to  U.S.  taxpayers  or  change  ability  to  meet 
schedule  or  performance  expectations  unless  the  government  significantly  upgrades  capital. 
Improvements  to  capital  would  probably  be  as  discussed  under  the  nationalization  option.  Since 
operations  would  be  contractor  run,  workforce  retention  and  development  would  depend  on  the 
effect  on  profits.  This  option  could  face  challenges  similar  to  those  for  nationalization. 

Enhanced  Government  Support/Subsidies 

The  USG  and  state  and  local  governments  already  provide  substantial  support  (subsidies)  to 
U.S.  yards.  The  state  of  Virginia  paid  for  the  construction  of  a  reception  and  training  center  for 
Newport  News  Shipyard,  the  city  of  Mobile  and  state  of  Alabama  paid  for  training  programs  and 
buildings  for  Austal  USA,  and  the  USG  reimbursed  firms  for  capital  improvements.  One  policy 
option  is  for  the  government  to  enhance  support/subsidies  to  the  industry.  For  example,  the  USG 
could  fully  fund  the  Title  XI  loan  guarantee  program,  increase  tax  incentives,  accelerate 
depreciation  allowances  for  capital  investments,  expand  the  capital  expenditure  (CAPEX) 
program,  which  reimburses  firms  for  expenditures  on  capital  improvements  that  reduce  costs, 
and  increase  grants  and  loans.  Expanding  support/subsidies  could  create  growth;  however,  the 
U.S.  would  need  to  be  careful  not  to  provoke  retaliation  by  other  nations  or  a  trade  investigation. 

Although  this  option  should  decrease  private  firm  costs  and  prices  paid  for  naval  vessels,  it 
would  not  necessarily  decrease  total  costs  to  the  U.S.  government  for  naval  vessels.  However,  if 
such  support  enables  the  U.S.  shipbuilding  industry  to  supply  vessels  to  a  larger  customer  base 
(including  those  outside  the  U.S.),  this  would  increase  production,  improving  efficiency  and 
reducing  costs.  Furthermore,  with  expanded  output,  firms  would  improve  production  processes, 
enhancing  ability  to  meet  schedule  requirements.  Expanded  production  could  also  enhance 
performance  as  firms  would  hire  more  designers  and  engineers  and  invest  more  in  research  and 
development.  With  an  increased  customer  base  and  revenues,  firms  would  also  be  more  likely  to 
invest  in  capital  improvements  and  human  resources.  Although  this  option  would  not  guarantee 
retention  of  needed  skills,  it  may  expand  the  workforce  available. 

Laissez-faire 

This  option  differs  from  the  others  because  it  eliminates  government  intervention  and  leaves 
ship  construction  and  procurement  to  the  international  free  market.  The  USG  would  eliminate  the 
Jones  Act  and  industry  support  and  buy  naval  vessels  based  on  best  value  in  the  global 
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marketplace.  This  is  not  a  viable  option  if  the  U.S.  desires  to  maintain  the  capability  to  build 
ships.  However,  it  is  an  option  if  the  U.S.  only  desires  access  to  ships. 

The  first  issue  with  this  option  is  whether  firms  outside  the  U.S.  can  build  USN  ships,  and  it 
appears  they  can.  Many  overseas  yards  use  the  latest  technologies  and  processes  and  build  ships 
faster  and  cheaper  than  U.S.  yards.  To  meet  International  Maritime  Organization  and  Australian 
environmental  requirements  on  schedule  and  at  an  acceptable  price,  the  Royal  Australian  Navy 
replaced  an  underway  replenishment  vessel  by  purchasing  a  tanker  produced  in  South  Korea  and 
modifying  it.  Even  with  modifications,  it  cost  less  than  a  third  as  much  as  manufacturing  it  in 
Australia  and  took  less  than  one-eighth  the  time  to  build.  The  Australians  said  that  it  is  reliable, 
provides  the  desired  capability,  and  is  as  good  as  ships  built  in  Europe. 

Another  argument  against  overseas  construction  of  naval  ships  is  that  access  could  be  taken 
away,  leaving  the  U.S.  without  the  capacity  to  build  ships  when  needed.  This  is  unlikely  since 
there  are  many  yards  in  nations  that  are  allies,  and  it  is  unrealistic  to  assume  all  of  them  would 
simultaneously  turn  down  revenues  and  deny  access.  The  notion  that  it  would  be  too  late  if  the 
U.S.  were  suddenly  at  war  ignores  the  fact  that  it  takes  3-5  years  to  build  naval  vessels  in  the 
U.S.  Any  ship  requested  at  the  outbreak  of  hostilities  would  not  be  available  for  the  conflict. 

Tree  market  competition  would  allow  the  U.S.  to  purchase  vessels  from  suppliers  with  much 
lower  costs,  thus  decreasing  prices.  Even  purchasing  hulls  overseas  and  adding  the  systems  in  the 
U.S.  could  reduce  costs.  Because  overseas  yards  produce  many  more  vessels  than  U.S.  yards  and 
consistently  meet  the  strict  schedule  requirements  of  commercial  customers  (e.g.,  cruise  lines), 
this  option  would  improve  ability  to  meet  schedule  expectations.  Except  for  submarines,  open 
competition  should  meet  performance  requirements,  especially  for  hulls.  Under  this  option,  the 
U.S.  government  would  not  need  to  ensure  retention  of  a  workforce  or  infrastructure. 

Based  on  information  received  during  visits,  U.S.  firms  that  build  commercial  vessels  would 
no  longer  be  able  to  do  so  under  this  option.  In  fact,  the  continued  existence  of  shipbuilding  in 
the  U.S.  would  be  doubtful  under  this  option.  If  the  industry  survived,  it  would  have  to 
consolidate  significantly,  eliminating  redundancy.  As  visits  to  yards  affected  by  hurricanes  in  the 
Gulf  revealed,  relying  on  only  one  manufacturer  may  not  be  wise  for  a  strategic  industry. 
Consolidation 

This  option  entails  reducing  the  number  of  yards.  Since  it  is  mainly  a  policy  option  for  the 
defense  sector,  it  would  result  in  constructing  naval  vessels  at  fewer  facilities.  This  option  would 
reduce  costs  by  reducing  excess  capacity  and  overhead  costs.  The  increased  throughput  at  the 
remaining  yards  would  improve  economies  of  scale  and  learning  curve  advantages,  further 
decreasing  costs.  By  concentrating  work  at  fewer  yards,  the  remaining  yards  could  receive  a 
larger  share  of  government  and  private  investment  in  capital  equipment  and  infrastructure.  This 
would  allow  the  U.S.  yards  to  procure  desired  (but  currently  unjustifiably  expensive)  equipment, 
such  as  the  larger  cranes  in  Korean  yards,  to  build  larger  modules,  thus  improving  efficiency  and 
decreasing  cost.  These  improvements  would  also  benefit  ability  to  meet  schedule  expectations. 
Eocus  on  fewer  yards  may  allow  those  remaining  to  increase  investment  in  research  and 
development,  improving  performance.  This  option  may  make  it  more  challenging  to  recruit 
workers,  but  would  improve  the  experience  of  the  workforce  at  the  remaining  yards. 

The  team  recommendations  are  in  the  conclusion  section  following  the  two  essays. 

Essay  1  (The  U.S.  Seagoing  Services:  Achieving  More  With  Less) 

Overview 

Due  to  increasing  missions  in  distant  locations  and  expanding  threats  to  the  homeland. 
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demands  on  the  U.S.  Navy  (USN)  and  U.S.  Coast  Guard  (USCG)  are  inereasing.  At  the  same 
time,  the  USN  fleet  size  is  the  lowest  it  has  been  sinee  World  War  I,  and  the  U.S.  fiseal  situation 
eonstrains  funding  for  ship  eonstruetion.  Thus,  the  USN  and  USCG  faee  the  ehallenge  of  doing 
more  with  less  in  the  eoming  years.  Daniels  (2005),  observing  that  this  situation  is  not  unique  to 
the  U.S.,  states,  “Military  organizations  around  the  world  are  under  pressure  to  aehieve  greater 
operational  output  with  fewer  resourees  and  redueed  eost”  (p.  77).  Two  proposals  for  the  USN 

and  USCG  to  aehieve  this  are  redueed  erew  sizes  and  use  of  mission  modules  aboard  ships. 

The  Need  to  Do  More  With  Less 

Increasing  Demands 

Cebrowski  (2005)  states,  “The  new  era,  so  far,  involves  frequent  eontingeneies  of  a  wide 
variety  aeross  a  wide  geographie  are  against  an  assortment  of  adversaries”  (p.  11).  Contingeneies 
“aeross  a  wide  geographie  are”  generally  require  ships  to  deploy  forees  and  supplies  and  eonduet 
operations  to  aehieve  national  objeetives.  Furthermore,  with  95%  of  U.S.  and  80%  of  world  trade 
traveling  by  sea,  “maritime  seeurity  is  required  to  ensure  freedom  of  the  seas;  faeilitate  freedom 
of  navigation  (FON)  and  eommeree;  [and]  advanee  prosperity  and  freedom”  (NSMS,  p.  2). 
Unfortunately,  the  variety  and  number  of  threats  to  marmite  seeurity  are  expanding,  inereasing 
the  demand  for  naval  forees  both  far  away  and  at  home. 

With  95,000  miles  of  shoreline,  a  3.4  million  square  mile  exelusive  eeonomie  zone,  and  over 
350  offieial  ports  of  entry  (USCG  Maritime  Strategy  for  Homeland  Seeurity),  maritime  seeurity 
is  also  vital  to  U.S.  homeland  defense.  With  the  U.S.  in  the  midst  of  a  global  war  on  terrorism 
(GWOT),  transnational  maritime  threats  to  the  homeland  are  inereasing  in  variety  and  number. 
This  further  inereases  demands  on  the  U.S.  Navy  (USN)  and  the  U.S.  Coast  Guard  (USCG). 
Resource  Constraints 

Ships.  Despite  the  inereasing  demands  plaeed  on  the  seagoing  serviees,  the  size  of  the  Navy 
fleet  eontinues  to  deerease.  At  281  ships  today,  the  size  of  the  eombat  fleet  is  the  Navy’s  smallest 
sinee  just  before  World  War  1  (GovExee).  Senator  Warner  even  eautions  that  a  fleet  of  this  small 
size  may  jeopardize  the  Navy’s  ability  to  meet  its  mission  requirements  (AP  2/8/2006). 

Reeognizing  the  national  seeurity  implieations  of  the  inerease  in  threats  and  demands  in 
eonjunetion  with  a  deerease  in  the  fleet  size,  the  Chief  of  Naval  Operations  (CNO)  developed  a 
30-year  shipbuilding  plan,  whieh  outlines  a  strategy  to  build  a  313-ship  fleet  for  the  Navy.  He 
estimates  that  “an  average  of  $13.5  billion  a  year  will  be  needed  to  sustain  it  through  2020,  an 
average  of  about  $4  billion  more  than  the  Navy  has  gotten  over  reeent  years”  (Cavas,  2006a). 

Fiscal.  Unfortunately,  Offiee  of  Management  and  Budget  projeetions  through  2024  show  “the 
smallest  pereentage  of  GDP  for  defense  at  anytime  in  our  history,  whieh  bodes  ill  for  inereasing 
the  Navy’s  ship  inventory  to  313”  (Krekieh,  2006).  “DOD’s  budget  faees  growing  pressures 
from  inereases  in  mandatory  federal  spending,  [so]  [i]t  will  be  diffieult  for  DOD  to  inerease  its 
budget  share”  (GAO,  2005).  Truver  (2005a)  states,  “In  this  inereasingly  austere  fiseal 
environment,  none  of  the  U.S.  armed  serviees  ean  afford  all  that  they  want  or  need”  (p.  1).  Thus, 
Cebrowski  (2005)  eoneludes,  “The  key  issue  faeing  the. .  .Navy  is  that  the  available  budgetary 
resourees  are  not  likely  to  be  adequate  to  fund  the  existing  plan”  (p.  23). 

Likewise,  “several  naval  budget  analysts. .  .eautioned  that  the  new  fleet  plan  is  unaffordable” 
(Cavas,  2006b).  Erie  Eabs,  Navy  analyst  for  the  Congressional  Budget  Offiee,  asserts,  “[T]he 
Navy  would  have  to  spend  $20.9  billion  per  year  in  2007  dollars  at  a  steady  state  over  the  next 
30  years  in  order  to  ‘fully  fund  the  requirement  for  a  313-ship  fleet.’  Even  to  sustain  today’s  fleet 
size  of  280  ships,  the  Navy  would  require  about  $14.7  billion  annually”  (Sirak,  2006).  He  also 


12 


warns,  “If  investment  levels  for  Navy  shipbuilding  do  not  inerease  to  some  degree  in  the  coming 
years,  the  fleet  size  will  decrease  to  roughly  200  ships”  (Castelli,  2006). 

In  light  of  the  fiscal  dilemma,  even  the  CNO  concedes  that  the  Navy’s  total  budget  will  not 
grow  much,  requiring  ship  funds  to  come  from  elsewhere  in  the  Service’s  funding  (GovExec). 
O’Hanlon  (2005)  says  the  pressure  on  procurement  funding  indicates  the  need  to  economize 
wherever  possible  (p.  72).  Thus,  the  seagoing  services  may  need  to  do  more  with  less  for  many 
years.  Two  options  for  achieving  this,  both  of  which  have  implications  for  the  shipbuilding 
industry,  are  reduced  crew  sizes  and  use  of  interchangeable  mission  modules  aboard  ships. 

Reduced  Crew  Sizes 

Description 

“It  is  universally  agreed  that  the  single  greatest  contribution  to  a  modem  warship’s  cost,  once 
in  service,  is  that  of  its  personnel”  (Andrews,  2003).  As  a  result,  analysts  point  out  that  the  fiscal 
pressures  on  Navy  shipbuilding  will  only  worsen  because  outlays  on  personnel  costs  are 
exploding  (Abeam,  2006b).  Therefore,  reducing  personnel  costs  could  be  an  option  for 
increasing  shipbuilding  funds.  Accordingly,  “[t]he  2007  budget  calls  for  a  reduction  from 
352,700  sailors  at  the  end  of  this  year  to  340,700  by  the  end  of  2007”  (Scutro,  2006).  Because  of 
this,  there  will  be  fewer  personnel  to  operate  each  ship,  as  reflected  in  projected  crew  sizes: 

The  DD(X)  destroyer  would  have  about  100  to  130  crew,  versus  more  than  300  on  the  old 
Arleigh  Burkes;  the  new  Littoral  Combat  Ship  (ECS)  would  have  a  combined  total  of  about 
70;  and  the  CVN  21  aircraft  carrier  would  have  about  1,500  fewer  personnel  than  the 
combined  5,500  total  on  the  oldNimitz  Class  carriers  (ship  and  air  crews).  (Ahearn,  2006b) 
Cebrowski  (2005)  states,  “Reduced  manning  on  ships  has  significant  payoffs  in  reduced  costs, 
reduced  ‘hotel’  loads  affecting  ship  size,  a  higher  payload  fraction  and  fewer  personnel  at  risk  in 
high  threat  environments”  (p.  45).  This  would  certainly  contribute  to  achieving  more  with  less; 
however,  there  are  some  challenges.  Speaking  about  the  LCSs,  RADM  Buzby  (USN  Deputy 
Director  of  Surface  Warfare)  says,  “One  challenge  facing  the  Navy  will  be  how  to  carry  out 
the. .  .missions  with  a  ship  crew  of  40,  a  dedicated  mission  module  crew  of  15  and  an  air  crew 
detachment  of  20”  (Eein,  2006a).  The  shipbuilding  industry  may  be  able  to  help  meet  the 
challenges  associated  with  reduced  crew  size.  In  fact,  there  are  several  implications  for  industry. 
Implications  for  the  Shipbuilding  Industry 

Understanding  the  need  to  reduce  personnel  costs,  shipbuilders  should  design  vessels  for 
smaller  crews.  This  may  affect  payload,  sustainability,  automation,  and  survivability. 

Payload.  According  to  Cebrowski  (2005),  with  reduced  crew  size,  “[pjayload  fraction  can 
increase  from  less  than  10%  to  over  30%”  (p.  2).  This  has  some  interesting  design  implications. 
Eor  example,  vessels  would  have  added  space  for  storing  fuels  and  other  consumables.  This 
would  allow  ships  to  remain  on  station  longer  and  reduce  the  amount  of  time  spent  transiting  and 
replenishing  supplies,  improving  “productive”  use  of  “capacity.”  Although  operating  and 
personnel  costs  could  be  lower,  smaller  crew  size  does  not  necessarily  reduce  ship  procurement 
costs.  Thus,  industry  may  need  to  help  the  Navy  explain  the  long-term  cost  benefits  to  Congress. 

Sustainability.  RADM  McCullough  (USN  Director  of  Surface  Warfare)  says  that  with 
reduced  crew  size,  “[t]he  crew  isn’t  large  enough  to  do  preventive  maintenance  on  the  ship” 

(Eein  2005a).  Currently,  preventing  corrosion  in  the  marine  environment  is  human  resource¬ 
intensive.  Thus,  the  industry  should  improve  the  sustainability  (including  availability,  reliability 
and  maintainability)  of  future  ships  (Andrews,  2003).  Eor  example,  industry  could  continue  to 
develop  better  coatings  and  materials  that  will  not  deteriorate  in  salt  water  to  reduce  the 
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preservation  work  required.  Crews  also  spend  many  hours  performing  preventive  maintenanee 
on  ship  systems,  so  engineers  should  design  future  systems  to  minimize  these  requirements. 

Noting  one  option  for  redueing  requirements,  Cebrowski  (2005)  proposes,  “Significant  payoff 
. .  .could  be  realized  in  an  ‘all  electric’  ship  in  which  centrally  generated  electrical  power 
provides  not  only  propulsion  but  also  energy  for  ship  operations,  communications,  surveillance, 
and  even  weapons  modules”  (p.  44).  Andrews  (2003)  describes  possible  design  considerations: 

The  advances  and  cost  efficiencies  adopted  in  the  latest  cruise  ships  can  be  readily 
incorporated... Full  electric  propulsion  will  cover  the  total  power  generation,  enabling  the 
number  of  prime  movers  to  be  significantly  reduced.  The  UK’s  Electric  Ship  program  further 
envisages  elimination  of  extensive  hydraulic  systems  that  exist  in  current  ships,  and  their 
replacement  in  the  electric  ships  of  the  future  with  local  electrical  actuation.  This  will  mean  a 
lower  maintenance  demand,  (pp.  3,  4) 

Automation.  Just  as  manufacturing  plants  use  automation  to  decrease  labor  costs,  naval  ships 
may  need  more  automation  to  operate  with  fewer  people.  A  commercial  shipbuilding  industry 
report  states,  “Newer  ships  are  designed  to  be  operated  safely  by  smaller  crews.  Innovations 
include  automated  controls  and  computerized  monitoring  systems  in  navigation,  engine  control, 
watch  keeping,  ship  management,  and  cargo  handling”  (IbisWorld,  2006,  p.  35).  Cebrowski 
(2005)  adds,  “Computer  driven  dynamic  control  surfaces  can  augment  ship  speed  and  stability. 
Automation  can  also  be  incorporated  to  assist  decision-making  established  networks,  and  in  the 
operation  of  weapon  systems”  (p.  45).  However,  as  each  sailor  must  perform  more  tasks  with 
smaller  crews,  automation  must  be  user-friendly.  RADM  McCullough  elaborates,  “One  sailor 
will  have  to  handle  the  skill  sets  of  several  sailors,  for  example  becoming  an  electronics 
technician,  fire  control  technician  and  information  technology  technician”  (Fein,  2005b). 

Survivability.  With  fewer  people  aboard  to  repair  damage  and  casualties,  engineers  should 
strive  to  improve  ship  survivability.  Obviously,  the  best  way  is  to  prevent  damage  in  the  first 
place.  Cebrowski  (2005)  recommends  designing  ships  with  greater  speed,  maneuverability,  and 
smaller  signature  so  that  they  can  elude  detection,  tracking,  and  strike  by  an  enemy  (p.  51). 
Andrews  (2003)  notes  that  stealth  features  contribute  directly  to  warship  survivability  and 
suggests  engineering  the  above-water  structure  and  designing  the  propulsion  system  and 
auxiliary  plant  to  minimize  the  vessel’s  acoustic  signature.  He  suggests  shipbuilders  employ 
“increased  use  of  radar  cross-section  reduction  and  of  intelligent  composites  and  further  adoption 
of  integrated  upper-works  features”  (p.  3).  Although  these  ideas  would  improve  survivability, 
engineers  should  develop  systems  to  repair  damage  swiftly  and  easily  if  it  does  occur.  Methods 
currently  used  aboard  naval  ships  may  be  too  human-intensive  for  ships  with  fewer  personnel. 

Interchangeable  Mission  Modules 

Background 

The  Royal  Danish  Navy  (RDN)  developed  the  novel  Standard  Flex  system  of  modular 
mission  payloads  for  their  Flyvefisken-class  multi-role  surface  combatants  (Scott,  2004). 

The  underlying  principle  of  the  concept  is  the  use  of  standardized  containers  to  enable  the 
rapid  interchange  of  role-specific  weapons  and  equipment.  Containers  are  lifted  into  wells  in 
each  ship,  with  standard  interface  connections  providing  access  to  the  ship’s  services.  [It  is 
germane  to  note  that  the  concept  was]  originally  conceived  during  the  early  1980s  at  a  time 
when  one-for-one  replacement  of  existing  units  was  deemed  unaffordable.  [RDN  Admiral 
Wang  professes  that]  [t]he  use  of  the  Standard  Flex  modules  helps  us  to  reduce  both 
procurement  and  maintenance  costs.  (Scott  and  Foremans,  2005,  pp.  2,  10) 

Advantages 
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Possible  advantages  to  the  USN  include  cost  decrease/asset  utilization  increase  and  flexibility. 
Cost/asset  utilization  improvement.  RADM  Buzby  describes  the  current  dilemma  created  by 
technology  changing  more  quickly  than  the  USN  replaces  ship  hulls: 

The  combat  system  on  many  surface  ships  is  outdated  or  is  no  longer  able  to  meet  threats  or 
projected  threats.  Now  you  are  stuck  with  a  hardwired-in  combat  system  that  you  now  have 
to  upgrade  at  a  tremendous  expense,  and... you’ve  now  taken  that  ship  out  of  the  fleet  for  up 
to  a  year  while  you  are  ripping  stuff  out  and  putting  it  back  in.  (Fein,  2006b) 

However,  decoupling  the  hull  from  the  sensor,  weapon,  and  mission  modules  can  reduce  costs 
to  upgrade  for  technology  advances  and  prevent  time  off-line.  Cavas  (2006c)  conveys,  “A  major 
advantage  is  that  improvements  in  capability  can  be  made  in  the  modules,  rather  than  taking  the 
ships  out  of  service  for  expensive  upgrades.”  For  example,  in  the  LCS,  the  forward  gun  and  self- 
defense  system  missile  launcher  will  be  modularized  to  allow  easy  refit  by  future  weapons 
(Truver,  2003).  With  fewer  ships  and  increasing  demands,  reducing  time  off-line  is  essential. 

Flexibility.  Interchangeable  modules  enhance  flexibility,  enabling  vessels  configured  with  this 
capability  to  perform  a  greater  variety  of  missions  and  adapt  to  changing  technology  and  threats. 
This  is  valuable  considering  the  dynamic  security  environment  and  pace  of  technology  change. 
Montroll  (2002)  imparts,  “Weapons,  tactics,  and  strategies  that  were  introduced  into  one  conflict 
may  be  decisive  factors  in  the  next  war  and  be  mainstream  tools  by  the  following  one”  (p.  347). 

The  RDN  uses  modules  so  that  a  small  number  of  ships  can  “span  almost  the  full  spectrum  of 
military  tasks,  right  through  from  low-risk,  low-intensity  humanitarian  and  peace  support 
operations  to  high-intensity  sea  control”  (Scott,  2004).  Cebrowski  (2005)  summarizes: 

By  providing  naval  commanders  with  the  ability  to  rapidly  swap  out  modules  that  endow 
platforms  with  different  capabilities,  the  fleet  can  adjust  promptly  to  the  wide  spectrum  of 
challenges  it  could  face.  These  modular  platforms  can  be  reconfigured  to  tailor  the  capability 
to  focus  on  the  immediate  operational  needs.  The  fleet  can  with  the  same  number  of  total 
hulls,  respond  to  a  broader  range  of  challenges,  (pp.  7,  50) 

The  new  USN  LCS  is  an  example  of  a  U.S.  vessel  that  will  use  interchangeable  modules;  the 
design  will  make  about  40  percent  of  the  payload  volume  reconfigurable  (Bruno,  2006).  Noting 
that  this  will  enhance  flexibility,  Delores  Etter  (a  USN  assistant  secretary)  declares,  “The 
missions  that  the  LCS  can  perform  will  be  essentially  unlimited,  because  of  interchangeable 
mission  modules  that  can  be  on-loaded  or  off-loaded...  [Thus,]  the  LCS  will  play  far  more  roles 
than... originally  expected”  (Ahearn,  2006c).  The  USN  originally  planned  for  LCSs  to  conduct 
three  missions  -  mine  counter  measures,  anti-submarine  warfare,  and  anti-surface  warfare.  Based 
on  the  flexibility  provided  by  modules,  naval  planners  now  expect  to  add  missions,  such  as 
GWOT/maritime  interdiction,  disaster  relief,  and  search-and-rescue.  Admiral  Vem  Clark,  while 
serving  as  CNO,  said,  “Think  about  what  this  will  mean  to  our  ‘National  Licet’  partnership  with 
the  Coast  Guard.  Now  I  don’t  have  to  build  in  homeland  security  capabilities,  as  I  can  tailor  the 
mission  modules  when  we  work  with  the  Coast  Guard”  (Truver,  2005b). 

Implications  for  the  Shipbuilding  Industry 

RADM  Landay  (USN)  observes  that  developing  combat  systems  separately  from  hulls  is  “a 
radically  different  approach  to  designing,  engineering  and  building  a  complex  warship”  (Truver, 
2005b).  Therefore,  use  of  modular  mission  packages  could  have  profound  implications  for  the 
shipbuilding  industry.  However,  because  of  the  need  to  do  more  with  less  and  the  potential 
benefits  of  this  concept,  the  shipbuilding  industry  should  embrace  this  idea  and  continue  to 
invest  in  designing  improved  modules  and  developing  new  uses  for  the  concept.  Lurthermore, 
based  on  the  rapid  pace  of  technology  change,  the  industry  should  develop  plans  to  upgrade 
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module  inventories  (onee  the  USN  has  an  inventory).  The  industry  should  also  work  with  the 
USN  to  expand  the  modularity  eoneept  to  larger  vessels.  In  faet,  “[RADM]  Buzby  said  it  would 
be  fantastie  to  be  able  to  apply  LCS’  eapability  into  bigger  ships.  It  would  keep  the  Navy’s 
eapability  up  and  it  would  be  a  lot  less  expensive  than  what  the  serviee  does  today”  (Fein, 
2006b).  In  addition,  industry  should  develop  methods  to  ehange  modules  at  sea,  with  support 
from  a  sea  base  or  logisties  vessel,  to  optimize  operational  employment  of  vessels  onee  on-seene. 

The  modular  eoneept  also  offers  benefits  to  the  shipbuilding  industry.  For  example,  it 
provides  opportunities  for  growth  and  new  development  that  may  allow  the  industry  to  reinvent 
itself  and  move  from  the  mature/dee  lining  lifeeyele  phase  to  a  more  favorable  phase.  It  would 
also  allow  shipbuilders  to  produee  eommon  “families”  of  ships  (just  as  Boeing  produees 
“families”  of  planes  (HBS,  1991))  to  serve  a  variety  of  eustomers  with  the  same  hull.  Naval 
shipbuilders  may  even  be  able  to  leverage  the  eoneept  to  attraet  eommereial  and  foreign 
eustomers.  This  would  inerease  the  number  of  eaeh  hull  produeed,  improve  eeonomies  of  seale, 
aeeelerate  learning,  and  deerease  eosts.  One  positive  sign  supporting  this  is  that  twenty-six 
nations  “have  voieed  interest  in  their  own  nation-speeifie  mission  modules”  (Bruno,  2006). 

Moreover,  deeoupling  ship  hulls  from  the  sensors  and  weapons  systems  that  involve  more 
rapidly  ehanging  teehnology  eould  reduee  the  teehnology  risk  assoeiated  with  buying  ships.  This 
would  deerease  unexpeeted  eaneellations  and  ehanges  to  orders.  This,  in  turn,  would  improve 
produetion  stability,  whieh  would  also  help  to  eontrol  eosts.  Explaining  the  deereased  risk,  the 
prospeetive  eommanding  offieer  of  LCS-1  says,  “[MJodularity  will  make  it  possible  to 
reeonfigure  LCS  without  having  to  wait  until  some  partieular  time  in  its  life  when  it  ean  be  taken 
into  dry-doek”  (Fein,  2005e).  Finally,  sinee  modules  do  not  have  to  be  built  in  shipyards,  they 
eould  be  manufaetured  in  multiple  states.  This  eould  mitigate  industry  eoneern  over  skilled  labor 
shortages  and  generate  added  eongressional  support  and  funding  for  shipbuilding. 

Cone lus ion  (Essay  1) 

Eaeed  with  growing  threats,  uneertainty,  and  demands  for  their  serviees  despite  shortages  and 
eonstraints  on  future  proeurements,  the  U.S.  seagoing  serviees  must  strive  to  aeeomplish  more 
with  less  for  years  to  eome.  Two  options  that  may  enable  these  serviees,  with  support  from  the 
shipbuilding  industry,  to  aehieve  this  and  better  use  funds  and  assets  are  redueed  erew  sizes  and 
use  of  interehangeable  modules  aboard  ships.  Therefore,  the  USN,  USCG,  and  industry  should 
embraee  these  eoneepts  and  work  together  to  apply  them  when  developing  future  ships. 

Essay  2  (Virginia  Class  Submarine  Affordability) 

Introduetion 

The  Seawolf  Class  submarine,  SSN-21,  is  in  many  respeets  the  most  eapable  and  heavily 
armed  fast  attaek  submarine  the  world  has  known.  So  why  did  we  stop  making  them?  The 
answer  is  elouded  by  the  high  eost,  underestimated  demand,  and  dwindling  threat  at  the  end  of 
Cold  War.  These  issues  resulted  in  stalled  produetion  for  over  a  deeade,  and  assured  that  a  bow- 
wave  submarine  produetion  would  be  required  to  sustain  foree  levels.  Virginia  Class  Submarines 
(VCS)  were  to  be  the  affordable  alternative  to  Seawolf  to  meet  this  demand.  They  were  also  a 
new  fast  attaek  submarine  that  would  meet  the  ehanging  strategie  requirements  plaeed  on  the 
submarines  expeeted  to  replaee  the  aging  Los  Angeles  Class  (SSN-688)  fleet.  Somewhere  in  the 
plan,  however,  with  the  limited  number  of  VCS  being  built,  the  eost  is  about  the  same  as 
Seawolf  Government  budgeters  must  get  beyond  the  priee  tag,  and  ineorporate  the  lessons  of  the 
Seawolf  program  to  balanee  affordability  and  eapability.  Eailure  to  build  a  suffieient  number  of 
eapable  submarines  eommensurate  with  mission  demands  risks  the  nation’s  seeurity. 
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Seawolf,  the  most  capable  submarine  ever  built 
With  the  Navy’s  approval  of  15  of  29  Seawolfs  in  the  late  1980s,  shipbuilders  geared  up 
supply  lines  and  improved  production  lines  to  deliver  a  capable  yet  affordable  deterrent  to  an 
increasing  Soviet  threat.  Through  economies  of  scale,  the  reduction  in  cost  per  unit  realized 
through  multiple  production  proficiency,  the  cost  of  each  additional  unit  would  lower  as  more 
were  produced.  The  advertised  cost  of  the  29  SSN-21s  was  about  $1.9  billion  each. 

In  January  1989,  the  USG  awarded  Electric  Boat  the  first  contract  for  SSN-21  and  expected 
the  unit  cost  of  the  following  three  Seawolf  submarines  to  decline  such  that  the  fifth  and 
following  ships  would  not  exceed  $1.3  billion  in  1990  dollars.  This  included  a  plan  to  contract 
the  first  15  before  delivery  of  the  lead  ship  Seawolf  in  1995  (Conahan,  1990,  p.3).  With  the  fall 
of  the  Berlin  Wall  in  1989,  and  later  the  Soviet  Union,  the  requirement  to  counter  the  Soviet 
threat  was  no  longer  applicable.  Driven  by  the  belief  that  Seawolfs  high  cost  would  lead  to 
inadequate  submarine  force  levels  to  meet  projected  missions  in  other  areas,  in  1991,  Congress 
suspended  the  program.  Since  Congress  had  previously  approved  the  program,  three  Seawolf 
submarines  were  approved  in  an  effort  to  bridge  the  gap  in  the  submarine  construction  base  until 
DoD  could  establish  a  requirement  and  design  for  a  more  affordable  fast  attack  submarine. 

Virginia  Defined,  the  New  Affordable  SSN 

Congress  directed  a  study  into  the  Virginia  and  Seawolf  program  costs  in  1994.  The  study 
concluded  that  in  1994  dollars,  the  procurement  costs  for  the  Virginia  were  $1.5  billion  each  as 
compared  to  Seawolfs  $1.9  billion  each.  The  assumptions  to  the  study  also  recommended  that 
five  management  lessons  from  prior  submarine  construction  programs  be  incorporated:  First,  the 
ship  was  to  be  contracted  with  a  single  shipyard  to  design  and  construct  the  lead  submarine. 
Second,  the  lead  ship  construction  was  to  be  delayed  until  Virginia’s  design  was  mature.  Third, 
the  specification  and  approval  process  was  to  be  strengthened.  Forth,  supply  vendors  for  key 
critical  components  were  to  be  identified  early.  Fifth,  the  fire  control  system  development  risks 
were  to  be  reduced  and  targeted  for  an  additional  savings  of  $90  to  $100  million  each  (USGAO, 
1994,  p3).  The  study  also  defined  that  Virginia  was  to  have  many  of  the  same  capabilities  as 
Seawolf  along  with  adding  a  much  needed  special  operations  forces  capability.  Virginia  was  also 
to  be  as  quiet  as  Seawolf,  include  a  vertical  launch  system  similar  to  second  flight  688  Class 
submarines,  and  have  improved  surveillance  and  special  operations  characteristics  to  enhance 
operations  in  the  littorals.  Additionally,  Virginia  would  be  the  first  submarine  equipped  to  carry 
unmanned  underwater  vehicles  at  delivery.  All  of  this  was  at  a  lower  cost  than  Seawolf 

The  Original  Plan.  The  Navy’s  original  plan  approved  in  1995  was  to  build  one  Virginia  in 
1998,  a  second  in  2000,  and  then  two  per  year  beginning  in  2002.  All  ships  were  to  be  built  at 
Electric  Boat  Corporation,  Connecticut  as  a  single  source  in  attempt  to  keep  costs  lower  than 
procuring  ships  through  two  different  yards.  Congress  rejected  this  plan  in  1995  following  a 
Bottom  Up  Review  which  stated,  “delaying  construction  of  CVN-76  would  threaten  the  viability 
of  the  Newport  News  Shipbuilding  shipyard  due  to  the  lack  of  work  . . .  (but)  could  be  minimized 
by  rescheduling  ship  overhauls,  delaying  delivery  of  carriers  currently  being  built,  and  assigning 
other  work  to  the  shipyard”  (USGAO,  1995,  p.4).  In  essence.  Congress  directed  that  Newport 
News  be  integrated  into  the  Navy’s  plan  for  the  construction  of  future  VCS. 

Plan  Update  #1.  The  National  Defense  Authorization  Act  for  FY1996  changed  the  Navy’s 
original  plan  and  directed  that  one  VCS  be  delivered  each  year  1998  through  2001,  alternating 
years  between  Electric  Boat  and  Newport  News.  The  design  was  to  be  used  by  both  contractors, 
each  of  which  was  to  propose  improvements  so  that  “each  successive  submarine  is  more  capable 
and  more  affordable,  and  that  the  design  for  a  future  class  of  nuclear  fast  attack  submarine  will 
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incorporate  the  latest,  best,  and  most  affordable  technology”  (Library  of  Congress,  1996).  The 
Navy  stated  that  using  two  shipyards  would  increase  the  cost  of  30  VCS  by  $3  billion.  In  1996, 
the  two  shipyards  proposed  to  eonstruct  Virginia  as  a  team  rather  than  as  competitors.  This 
fulfilled  Congressional  direction  for  both  nuclear  submarine  shipbuilders  to  be  involved  in 
construetion  and  design  improvements  (Federation  of  American  Scientists,  2006). 

Under  this  plan,  each  yard  was  to  specialize  in  certain  areas  of  the  submarine  and  ship  that 
area  to  the  respective  delivery  shipyard.  The  goal  was  that  each  shipbuilder  would  specialize  in 
certain  modular  subassemblies  and  approach  economies  of  scale  within  that  subassembly  while 
not  taking  away  the  industrial  base  to  build  submarines  from  either  shipbuilder.  The  National 
Defense  Authorization  Act  for  1998,  Public  Law  105-85,  approved  the  teaming  coneept.  This 
arrangement  did  not  neeessary  mean  that  each  yard  was  fully  redundant  of  the  other,  it  only 
assured  that  each  yard  was  capable  of  full  construction  without  starting  from  scratch. 

problems  on  the  horizon.  In  a  1 998  GAO  letter  to  the  Seeretary  of  Defense,  the  GAO  noted  in 
the  Navy’s  updated  plan  to  build  30  VCS  for  $64  billion  ($2.13  billion  each)  that  technical  and 
funding  limitations  resulted  in  several  subsystems  (including  the  electronic  warfare  and  acoustic 
intercept  systems  and  other  subsystems)  having  performance  below  optimal  levels.  The  GAO 
also  noted  that  the  previous  Navy  threat  assessments  of  open  ocean  anti-submarine  warfare 
enemy  had  changed  and  the  enemy’s  eapability  had  improved  (GAO,  1998). 

Additional  problems  were  noted  in  the  external  communieations,  weapons  delivery,  and 
towed  array  systems,  and  meeting  the  propulsor’s  cavitation  design  goals.  These  issues  along 
with  the  increase  in  global  submarine  numbers  caused  the  Navy  to  constantly  reevaluate  the 
design.  Contrary  to  one  of  the  original  five  lessons  learned  to  keep  Virginia  Class  construction 
costs  at  a  cost  below  Seawolf,  the  Navy  again  changed  the  requirements  and  escalated  the 
program’s  eosts.  The  GAO  also  eoncluded  that  the  Virginia  program  was  not  likely  to  meet  the 
objective  of  producing  a  significantly  lower  cost  submarine  than  Seawolf. 

Plan  update  #2  and  more...  In  light  of  this  new  intelligenee  on  the  threat,  the  Floyd  D.  Spenee 
National  Defense  Authorization  Aet  for  FY2001  authorized  five  additional  VCS  to  be  procured 
during  2003-2006,  and  direeted  a  report  for  a  plan  to  maintain  at  least  55  fast  attaek  submarines 
through  2015  driven  by  the  Joint  Chiefs  of  Staff  Submarine  Force  Strueture  Study.  The  55 
submarines  were  to  inelude  18  VCS  by  2015.  The  Act  also  directed  an  assessment  to  inerease 
production  to  two  per  year  in  2004  or  2006  and  prevented  deeommissioning  any  688  or  Ohio 
Class  submarines.  The  following  two  additional  VCS  were  added  to  the  original  plan  to  be 
procured  through  2007.  Shipbuilders  were  seeing  ehanges  to  elass  numbers  on  an  annual  basis. 

The  current  plan.  To  date  the  Virginia  Class  plan  has  changed  nine  times  since  1995,  and  the 
plan  to  increase  the  build  rate  to  two  per  year  has  been  delayed  10  years  from  the  original  plan  to 
2012.  With  that  many  changes,  it  is  understandable  that  shipbuilders  are  hesitant  to  invest  in 
automation  and  infrastrueture  improvements  that  would  increase  productivity  and  lower  costs. 
Additionally,  because  of  the  low  production  rate  of  .5  submarines  per  yard  per  year,  the  two 
yards  do  not  benefit  from  repetition  and  the  applieation  of  lessons  learned  enough  to  eause  a 
benefit  and  savings  per  ship  that  would  oecur  with  eeonomies  of  scale. 

Exeeutives  at  Electrie  Boat  state  that  special  operations  design  changes  to  the  third  Seawolf, 
USS  Jimmy  Carter,  along  with  four  Trident  SSBN  to  SSGN  eonversions  have  bridged  the 
workload  gap  to  maintain  an  adequate  workforee  required  to  start  the  two  per  year  construction 
of  the  VCS.  Jimmy  Carter’s  work  was  completed  in  2005,  and  the  SSGN  conversion  work  is 
winding  down  over  the  next  year.  This  will  leave  Eleetric  Boat’s  workload  at  a  slim  .5  submarine 
per  year.  Added  layoffs  are  expected  while  waiting  for  the  inerease  in  build  rate  that  the  Chief  of 
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Naval  Operations’  (CNO’s)  plan  states.  One  would  assume  that  cost  would  also  be  reassumed 
later  to  gear  production  lines  back  up  and  retrain  additional  workers  to  meet  new  demand. 

CNO’s  313  ship  Navy.  Starting  in  2012,  the  CNO’s  313-shipbuilding  plan  includes  returning 
to  a  steady-state  production  rate  of  two  VCS  per  year,  while  achieving  an  average  hull 
procurement  cost  of  $2  billion  (OSD-QDR,  2006,  p  48).  Although  this  plan  appears  to  be 
increasing  the  capability  of  the  Navy  in  the  littoral  region,  this  robust  and  stable  plan  cuts  short 
the  need  for  submarines.  An  analysis  of  the  Report  to  Congress  on  Annual  Long-Range  Plan  for 
Construction  of  Naval  Vessels  for  FY  2007  shows  that  after  2019,  the  inventory  of  SSNs  will  fall 
below  48  SSN  force  in  2020.  Further,  the  total  number  will  not  rise  again  to  48  until  2034. 

Given  that  it  takes  five  years  from  start  to  delivery  for  VCS,  one  could  conclude  that 
increasing  the  build  rate  to  two  in  2009  would  lead  to  the  bottom  line  number  of  43,  and  starting 
in  2007  would  lead  to  a  bottom  line  number  of  45,  thus  not  meeting  the  QDR’s  48  requirement. 
One  could  also  question  the  similarity  to  the  British  government’s  trouble  in  maintaining  a  viable 
submarine  industry  with  the  construction  of  its  new  submarine  HMS  Astute.  These  problems 
were  caused  when  at  the  end  of  the  Cold  War  the  Royal  Navy  reduced  the  submarine  force  and 
its  industry.  As  a  result,  Britain  did  not  maintain  a  design  or  industry  base  to  support  submarine 
construction  during  the  downsizing  of  its  force  and  suffered  the  consequences.  While  attempting 
to  bring  design  and  production  lines  back,  the  British  found  that  the  shipbuilding  industry  had 
lost  the  capability  to  do  so.  As  a  result,  the  British  had  to  ask  Electric  Boat  designers  for  help 
(Work,  2006,  p8).  If  similar  problems  occur  in  the  U.S.,  there  will  be  no  one  to  turn  to. 

One  also  has  to  question  the  decision  to  lower  the  total  number  of  SSNs  that  we  produce 
given  an  ever  increasing  and  competent  submarine  threat.  It  does  make  sense  that  “with  over  400 
submarines  in  the  world  today  . . .  this  global  proliferation  of  submarines  clearly  poses  the 
greatest  threat  to  that  maritime  security. .  .a  threat  that  has  gone  too  long  with  too  little  focus, 
investment,  and  training”  (Konetzni,  2006,  p2).  The  U.S.  must  therefore  look  toward  not  only  the 
strategic  implications  of  maintaining  a  robust  submarine  building  capability,  but  look  towards 
building  sufficient  numbers  of  submarines  to  meet  the  threat. 

The  Warfighting  Requirements 

The  1999  Chairman  of  the  Joint  Chiefs  of  Staff  study  on  Fast  Attack  Submarines  evaluated 
the  SSN  missions  required  by  the  Combatant  Commanders  (COCOMs).  Because  of  this  study, 
the  Senate  Armed  Services  committee  required  that  the  Secretary  of  Defense  submit  a  report 
with  submission  of  the  FY02  President’s  budget  to  meet  the  requirement  of  maintaining  at  least 
55  SSNs  through  2015  and  a  plan  to  achieve  18  VCS  by  2015. 

This  study  was  conducted  in  more  detail  than  most  force  structure  studies  since  it  reviewed 
prior  studies.  It  was  “conducted  by  personnel  drawn  from  various  military  services,  [and]  took 
into  account  several  years  of  operations  and  experience  with  the  Navy’s  post-Cold  War  missions 
[but]  did  not  take  into  account  information  about  the  extent  of  China’s  naval  modernization 
effort  that  has  come  to  light  since  1999”  (O’Rourke,  2006d,  p.  21).  VADM  Konetzni  also  noted, 
“Some  ten  years  ago,  some  well  respected  strategist  said  this:  we  can  conclude  that  during  the 
First  World  War,  the  dominant  vessel  was  the  battleship,  and  in  World  War  Two,  it  was  the 
aircraft  carrier.  In  future  global  wars,  the  most  powerful  and  decisive  weapon  will  be  the 
submarine.  The  problem  is  that  these  were  not  American,  they  were  Chinese”  (2006,  p.  2). 

Of  the  eighteen  submarines  that  were  commissioned  last  year,  the  Chinese  built  twelve  while 
the  U.S.  only  built  one.  China  is  outpacing  the  U.S.  production  of  submarines  by  at  least  five 
times,  and  it  is  incorporating  tactical  design  features  that  mimic  the  best  U.S.  submarines. 
Additionally,  China’s  diesel  submarine  force  is  among  the  most  quiet  and  capable  of  all 
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submarines  at  sea  today.  These  alarming  trends  and  calls  for  a  more  robust  submarine  force 
cannot  be  oversimplified.  The  U.S.  must  find  a  way  to  fund  a  capable  submarine  force.  The  313- 
ship  plan  that  lowers  the  total  number  of  SSNs  will  not  be  sufficient  to  deter,  compel,  and,  if 
necessary,  defeat  the  twenty-first  century  forces  arrayed  against  our  interests. 

Recommendations  (Essay  2) 

Stable,  two  per  year  plan  now.  The  U.S.  shipbuilders  must  be  guaranteed  a  steady  two  per 
year  construction  rate  with  no  more  changes.  This  needs  to  be  as  soon  as  possible  before  the 
labor  numbers  and  production  capability  of  the  yards  lowers  and  SSGN  work  comes  to  a  close. 
The  shipyards  must  also  be  guaranteed  that  the  acquisition  community  will  not  require 
modifications  to  technical  capabilities  that  drive  up  production  costs.  They  are  disruptive  to  the 
advantages  of  repetition  and  the  lessons  learned  curve  and  are  very  expensive. 

Return  to  one  shipyard.  The  Seawolf  construction  program  learned  that  a  single  shipyard 
should  be  used  to  minimize  cost.  Today  the  additional  cost  of  maintaining  two  yards  results  in  an 
additional  $.2  billion  per  ship.  Some  argue  that  the  cost  of  teaching  one  shipyard  the  production 
of  an  entire  ship  would  be  more  than  the  additional  cost  incurred  of  maintaining  two,  but  when 
25  more  VCS  are  scheduled  for  delivery,  the  total  added  savings  would  fund  two  SSNs. 

Incentive  contracts.  The  shipyards  have  little  incentive  to  reduce  costs  under  the  current 
contracts  beyond  the  Capital  Expenditure  Program  in  which  savings  seem  rare.  History  shows 
that  when  shipbuilding  projects  exceed  projections,  there  is  little  repercussion,  and  Congress  will 
always  approve  more  money  to  cover  additional  cost.  As  a  result  there  is  little  motivation  to 
reduce  costs.  The  builders  must  be  provided  additional  incentives  in  their  contracts  to  reduce  the 
cost  of  each  unit.  Automation,  activity  based  costing  analysis,  and  studies  on  design  changes  that 
will  lower  costs  will  result  in  fewer  hours  of  construction,  less  overhead,  and  lower  costs. 

Improve  government  and  contractor  vendor  participation.  Senior  Electric  Boat  officials  stated 
that  the  cost  of  each  Virginia  is  broken  into  one-third  shipbuilding,  one-third  Contractor 
Eurnished  Equipment  such  as  valves  and  pipes,  and  one -third  Government  Eurnished  Equipment 
such  as  nuclear  reactors,  sonar  equipment,  and  sensors.  Cutting  cost  in  the  additional  two-thirds 
similar  to  the  methods  in  shipbuilding  will  also  reduce  the  overall  cost  of  each  unit.  Each  of  these 
activities  must  also  be  provided  incentives  to  reduce  costs. 

Stop  the  decommissioning  of  Los  Angeles  Class  ships.  The  U.S.  is  currently  decommissioning 
Eos  Angeles  Class  SSNs  at  the  20+  year  point  for  a  ship  that  was  designed  to  last  33  years. 

These  assets  are  being  retired  early  simply  to  afford  the  cost  of  buying  new  submarines.  Keeping 
the  two  remaining  ships  in  service  will  help  improve  the  number  of  available  SSNs  to  conduct 
missions  and  meet  the  warfighter’s  requirements  as  the  Virginia  production  line  ramps  up. 

Conclusion  (Essay  2) 

The  U.S.  must  immediately  change  the  current  course  in  submarine  production  while  forcing 
the  industry  to  build  an  affordable  Virginia.  The  Seawolf  and  Astute  submarine  program  lessons 
learned  must  be  realized  so  that  the  history  of  wrong  decisions  does  not  repeat  itself.  Given  this, 
the  current  SSN  build  plan  does  not  support  the  current  projections  of  needed  SSNs  to  counter 
the  identified  threat  and  in  fact  lowers  as  the  threat  rises.  The  real  question  should  not  be  can  we 
afford  to  build  adequate  numbers  of  Virginia,  but  how  can  the  American  people  afford  to  live 
securely  if  we  do  not  build  more  of  them. 


Conclusion 
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The  U.S.  shipbuilding  industry  is  at  a  crossroads  -  it  produces  the  best  ships  in  the  world,  but 
at  exorbitant  prices  that  make  the  commercial  sector  uncompetitive  and  limit  the  number  of  ships 
the  U.S.  Navy  can  afford.  Since  the  industry  is  complex  and  has  multiple  constituencies,  there 
are  diverse  economic,  political,  and  military  solutions  that  have  competing  interests.  In  order  to 
provide  a  recommendation,  the  study  team  first  considered  the  fundamental  issue  of  whether  the 
U.S.  needs  to  maintain  an  indigenous  capability  to  manufacture  ships.  Because  of  the  importance 
of  the  maritime  domain  to  the  nation,  the  U.S.  should  maintain  an  indigenous  capability  to  build 
naval  vessels.  In  addition  to  ensuring  capability,  keeping  the  industry  in  the  U.S.  provides 
economic  and  employment  benefits,  somewhat  abating  concerns  over  higher  prices  for  U.S.  built 
vessels.  Thus,  the  team  does  not  recommend  laissez-faire.  Based  on  discussions  with  personnel 
in  Australia  and  consideration  of  the  historical  results  achieved  with  government  control  of  the 
“commanding  heights,”  the  team  does  not  recommend  nationalization  (one  exception  is  that  the 
U.S.  should  “nationalize”  critical  capabilities  in  danger  of  being  lost,  as  the  Portsmouth  Navy 
Shipyard  did  for  electric  motor  rewinding).  Recommendations  for  each  segment  follow. 

Defense 

The  primary  recommendation  for  the  defense  segment  is  consolidation  into  two  “super  yards” 
for  the  construction  of  all  naval  vessels.  To  achieve  this  within  ten  years,  officials  should  discuss 
the  issue  with  industry  representatives,  and  the  USG  should  provide  financial,  contractual,  and 
tax  incentives  to  consolidate  and  reduce  overhead  and  fixed  costs.  In  addition,  the  government 
should  oversee  these  efforts  and  all  government  support  provided  to  the  industry  in  order  to 
ensure  the  best  use  of  incentives  to  achieve  desired  results.  The  government  should  also  consider 
consolidation  of  remaining  U.S.  Navy  yards  and  maintenance  facilities. 

In  order  to  address  industry’s  concern  with  the  lack  of  a  stable  procurement  plan,  the  U.S. 
Navy,  DoD,  and  Congress  must  commit  to  improvement.  As  a  start,  the  U.S.  should  fully  fund 
the  CNO’s  313-ship  initiative,  and  the  U.S.  Navy,  government,  and  industry  should  use  it  as  a 
foundation  on  which  to  develop  a  long-term  business  plan.  To  address  the  issues  of  change 
orders  and  technology  insertion,  the  USN  and  industry  should  continue  to  develop  the 
interchangeable  mission  modules  concept  (see  Essay  1)  and  increase  research  and  development 
funding  in  order  to  provide  more  mature  technologies  during  construction. 

Commercial 

Although  not  required  for  naval  ship  production  or  national  security,  a  healthy  commercial 
sector  supports  local  economies,  helps  develop  a  supplier  base,  and  sustains  a  skilled  workforce. 
The  team  recommends  that  the  USG  provide  targeted  support,  such  as  tax  incentives  and  use  of 
government  real  estate,  and  fully  fund  the  Title  XI  loan  guarantee  program  for  ten  years.  The 
government  should  also  encourage  expanded  demand  and  production  by  implementing  the  U.  S. 
Maritime  Administration’s  short  sea  shipping  initiative.  This  initiative  involves  changing  the 
current  tax  structure,  which  discourages  movement  of  cargo  by  sea,  and  establishing  a  national 
maritime  system  with  multi-mode  ports.  If  successful,  this  would  create  a  new  market  for  smaller 
vessels  than  those  produced  overseas.  To  support  this,  the  U.S.  should  maintain  the  Jones  Act  for 
ten  years  to  allow  U.S.  yards  to  become  more  competitive.  In  addition,  the  USG  should  not 
intervene  if  market  forces  cause  further  consolidation. 
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